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Outhine

0 The Tevatron, CDF and DO experiments

o Theory of beauty production

0 Run II results on beauty production:
= b-hadron cross section with J/y
= High p; b-jet cross section
= Bottomonium production

o Summary & Conclusions
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The Tevatron in Runll

ePeak luminosity in 2005 above 1032 cm-2 s-1

eCDF and DO collected > 500 pb-! on tape

eAnalyses shown here use 40-300 pb-!
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CDF and DO in Runll
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Silicon Vertex Detector
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L2 trigger on displaced vertices

Excellent tracking resolution /

Excellent muon ID and acceptance
Excellent tracking acceptance |n| < 2-3
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Beauty production

% To understand and p_robe perturbative QCD
< at E.,=1.96 TeV o(bb) ~ 50 ub > few kHz event rate

Leading Order Next to Leading Order
(4] g U
S AN LA Q
S ARAAAAA Q >mm~< Full calculations
v have been done

Flavor excitation

q Q up to NLO and
>m~n< beyond ...
q Q

Flavor creation

Gluon splitting

Many developments in the theoretical approach in the past years
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Recent developments

e Beyond NLO: resummation of : P?F dEPE;“::‘f““’ it
log(p/m) terms - FONLL =B St it :
e Substantial change in fragmentation = Dt LR U i
function extraction (from LEP data) 5\7\ e 2 ﬁ
- . 1 Z £
® new PDF functions oé e P E E : E % g3
... the past - Rl
: P Ll e gy o Defenlt A
ook CDF(1995) gz.n% ; E EE B xA = 0.226 GeV
X ok
&' _++ oo Release date of PDF
=R eGood data/theory agreement

b(8) (Cev,/c) also due to improved treatment
of experimental inputs

(use b-jets and b-hadrons
rather than b-quark)

N~ e Data
. —— QCD Prediction

C - Theoretical
Uncertainty

do(pp —> BX, yl<1)/dp, (nb/GeV/c)
o Q

* branching ratio uncertainty

1_................__._"".'"' ... the present >

& 10 14 18 22

p{B Meson} (GeV,/c)
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B hadron production using | /W (CDF)

Subm. to PRD, FERMILAB-PUB-04-440-E

Iy Exclusive decays of B-Hadrons used to
H /\S measure the b production cross section

% Find J/vy inclusive cross section

% Extract fraction of J/y from decay of
long-lived b-hadrons

% Find b-hadrons cross section for
pr(B) down to O considering |y(J/v)|<0.6

Lum=39.7 pb1

W

..Counting J/ v (p,;= 0 to 20 GeV/c)
ml 25<PT(MM)<1 5 GeV/c 12 0<|3T(uu)<14 0 GeV/c

3549+?4 Evems 125 FJT[H] 15{3eWc = 1566+49 Evems 120 lfJT[LlLl} 14 DGeWc
uminosity=14.8 I Luminosit 267 ph”!
e muon trigger: £€=0.98640.010  =lmeior - [ rrobpirna
for p* ;>1.5 GeV/c (]y|<0.6) = = =
= 1=
e use detector simulation 2 1%
to model the shape as = &
expected for J/y signal
® MaSS reSO|UtIOn nJ 14'15 MeV g_acn 2_90 200 210 2.20 3.30 3.

2.80 2490 2.00 310 320 3.30 3.40
M) Gewic ML) GeVic
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Tagoing b ...

J/v inclusive cross-section contribution from

% Direct production of J/y

% Decays of b-hadrons: B — J/y X

% Decays from excited charmonium: ¥(2S) —»J/y n*n-, ...

=

b-hadron direction

-2 J/vy from B — J/y X will be displaced Ry vertex

-
g b-hadron decay vertex

-.-‘

p—lJ=—F

Primary vertex

In general b-tagging procedures take
advantage of the long life-time of
“““““ B hadrons - ct ~ 450 um

““““ < use L,,, distance primary-secondary
vertex in r-¢ space to define sec.vtx
“““““ quality

Secondary vertex

.
A d
.
.
*
*
.
.
.
A d
“
.

% If considering jets, selection also on
L,, direction with respect to jet axis
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Extract b fraction

To reduce dependence on J/y p; bin:
X = L,(I/y) « MQ/vy) / pr(3/v)
= flight path of J/y in r-¢ plane
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Maximum likelihood fit
to extract b fraction
as function of p+(J/v)
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B hadron production cross section

Total inclusive single b-hadron (H,) cross section

o(pp — H, X,

y| < 0.6) = 17.6 £ 0.4(stat) 53 (syst) pb

considering Br(H,>1/yX) = 1.16+0.10% and Br(J/y>up) = 5.88+0.10%
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comparison with Runl data
ly(H.)| < 1, o(Runll) multiplied
by B+ fragmentation=0.4

(E., rescaled)
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High P b-jet cross section (CDF)

b-jets include most of quark fragmentation remnants
- small dependence on fragmentation

» MidPoint algorithm for jet reconstruction Jet cone
» kinematics: jet P; and rapidity (y)
> jet Rione = 0.7, |Yjerl <0.7

Lum ~ 300 pb!

> P; range 30-360 GeV/c > 38-400 GeV/c /
Tracks
(Energy scale corrected for detector effects) outsidejet |/
E\ 0.6: I:l
2 ~ Systematic for Scale factor
% 05 %‘H‘%‘%%
o - + —e— b-tagging efficiency
§ 0.4;— +”}++
n (—
0.3 % ; {
0.25—
E dijet Pythia Tune A scaled to match data > Use dlSplaced traCkS |nS|de Jet tO
" AP0 Ror 0. o 075 reconstruct the secondary vertex
0|_| ! |5|0| L1 '16{]' L1 |15|0| L1 |2c|m| Ll |25|0| L1 |3[||0| L1 |35|0| L1 (b_tagging)
P, jet [GeVic]
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Fraction b-tagged jets

b—jet Cross section: b-fraction tagoed jets

Extract fraction of b-tagged jets from data
using shape of mass of secondary vertex as
discriminating quantity

- bin-by-bin as a function of jet p-

= = =
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MidPaint jets Roena=0.7, Frerge=0-75
jets with [Y]<0.7

—&— Data (total error)

— Data (syst error only)

Pythia Tune A mass templates
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b-jet cross section: results

5 1 b-jet cross section as

E ! | ::ﬂ?iaTunEA{CTEDEL} function of Jet Pr

‘EL,H-1 [ systematics (Range 38-400 GeV/c)

[+ B

> 10° CDF Preliminary

“E ; ys = 1.96 TeV, L~300 pb”’ Systematic Error low Py | high P
10 Luminosity 6% &%
10" = %;gj Absolute Energy Scale | 15-20% | 40%
10° :E = :i: Jet energy resolution &% &%
10 C  MidPoint jets R,,,=0.7, f narge=0-75 i B-tagging efficiency 10% 15%

, = vi<0.7 B-tagged jets fraction | 10-16% | 40%
1“ 11 1 Islul 1 1 |1u|n| 1 1 I1E|n| 1 1 Izulnl 1 1 Izslnl 1 1 IB'!HI 1 1 |3.5|n| 1 11 Unfolding 8% 8%
P, jet [GeVic]

Eg ; = Data/Pythia Tune A (CTEQSL)

E% 5;;_ [ ] systematics 1 H

g L£  Errorbar: stat. error from data No comparison with NLO yet

g F

g F - Data/Pythia Tune A ~ 1.4

1;_ Y ++++++ }++ n agreemept
B with expectations

1 1
00 350
P jet [GeV/c]

50 10
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High P b-jet cross section (DO0)

» Measurement performed also in RunI
for E; e Of 30-100 GeV using muon jets

» Preliminary results for u-tagged jets

107} s
N = Pt =85
10 * i =595
: Unsmeared - Lum ~ 300 pb'1
3 T Smeamart - AR(u-jet) < 0.5
E .":.-1__ - |YJet|<05
s - 50<pet<400 GeV/c
107°%
10°L. D@ Preliminary
10 5565 150 366 355 366 355 460 455 500

Pt (GeV/c)
extraction of the b-jet cross section expected soon
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Upsilon production (DO)

Subm. to PRD, FERMILAB-PUB-05/020-E % %00 DO Preliminary
< 50000¢
Quarkonium production is a window on Z 40000
boundary region between perturbative and mzzzz T{1S,2§,33}
non-perturbative QCD. 10000¢ S
05—y O B
Bottomonium states production o [y1]<0.6 mariant iy Mass [GeV]
v Prompt = 250 (@) DO
v A, >Y(1S)y S 200 Fit components
_ S 1500 (15),7(2%),Y(3S)
Here: production of Y(1S) state 2 100 S
Y(1S) > ptp— [ 2 s
Lum=159 pb-! (dimuon trigger, < 8 Y e e o AT iz s
£>999, if pT“>5 GeV/c) Dimuon mass (GeV/c")
- o 300~
= Function of 1 p; = 0 () DO
= 3 rapidity range S 200 1.2<|y"|<1.8
C0.<|yT|<0.6 Prel46]Gev/c g V']
@ 100y
- 0.6<|y"|<1.2 S s
© = =
- 12<|yT|<18 gu %% "0 i1 12 13

Dimuon mass (GeV/cz)
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Upsilon production: results

1(1S) cross section extracted

m 0.6<|y|<1.2

G'2<M51j 0 2 4 6 8 10 12 14 16 18 20

pr (GeVic)
do/dy*Br(Y=>pu)=
732+19(stat)x73(syst)+48(lum) pb
[CDF Runl: 680+15(stat)+18(syst)+26(lum)
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— Ref. [8,9] |y| < 0.6

(d°c/dp;dy)/o oy (GeV/ic)”

----- Ref. [8.9] 0.6 < |y| < 1.2 +
o Ref.[89]1.2<ly|<1.8 + Factor 1.11 between 1.96 and 1.8 TeV Ecm]
10°- D@ E.L Berger, J. Qiu, Y. Wang T;f | = e DO RunlIl
:I L1 | 111 ‘ IPIhYIS\\RFIY IQI7\\]-| |0|3|4-|0\0\7|<2||0pl5|)| %10 i[:] - I:.If;l O CDF Run I
0 2 4 6 8 10 12 14 16 18 20 & -
p; (GeV/c) T T .
=Rl T m
v  Assume Y(1S) production unpolarized = .
- g I - <1.8~(s) = 1.96 Te T
v small effect due to rapidity range 10°|  © GDF lyi<0.4 V(o) - 1.6 Tov
v good agreement with theory prediction ° 2 4 8 B v

Monica D’ Onofrio Rencontres de Moriond-QCD 12-19 March 2005




O Studies of beauty production are precision tests of NLO pQCD

= New RunIll measurements reported:

Central b-hadron cross section extracted from J/y production ->
very good agreement with recent theoretical prediction.

New b-jets analyses considerably extend range in p;of cross
section: for CDF, NLO (and beyond) comparison expected soon,
LO comparison as expected.

Improved measurement for Bottomonium production in a wider
rapidity range: in agreement with earlier results and with
theoretical expectation.

O Many further improvements are expected...:
Extraction of b-jet cross section from u-tagged jets (DO)
bb cross section and correlations studies
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